Abstract-Business process modeling and management approaches are increasingly used and disclosed between organizations as a means to improve their products or services quality and to improve their productivity. If on one hand Business Processes Management and Modeling is becoming increasingly important to organizations, on the other hand, software development teams still have serious difficulties in defining the requirements for the software that supports the business processes which primarily have been based on lists of needs felt by users. As a result, we have software models and applications that are not aligned with business processes. Basing requirements elicitation in the Business Process Modeling would ensure the alignment between Business Processes and software models and applications. The main objective of this research is helping to close the gap between the business processes and the software that supports the business, deriving early software models from business process models 1 .
I. INTRODUCTION
Markets' globalization and the constant increase of competition between companies demand constant changes in organizations in order to adapt themselves to new circumstances and to implement new strategies. Organizations need to have a clear notion of their internal processes in order to increase their efficiency and the quality of their products or services. This will enable to increase the benefits for their stakeholders. For this reason, many organizations adopt a business process management (BPM) approach. BPM includes methods, techniques, and tools to support the design, enactment, management, and analysis of the operational business processes of an organization [1] .
A business process is a set of interrelated activities that are executed by one organization to create a product or service [2] . A business process, is not performed by a single individual or department, but typically involves many people, machines and systems of an organization or different organizations working together to achieve a common business purpose [3] .
There are several languages and tools that can be used to model business processes such as Petri nets, EPC (Eventdriven Process Chains), IDEF (Integrated Definition Methods), BPMN (Business Process Model and Notation), some extensions of UML (Unified Modeling Language), such as the Eriksson and Penker extension [4] , [5] , among others.
In this research the BPMN, currently in version 2.0 [6] , is chosen because it is a widespread OMG (Object Management Group) standard that is actually used both in academia and in organizations and is a language easy to understand and usable by people with different roles and training from top managers to information technology (IT) professionals [6] , [7] .
If on one side the business process management and modeling are increasing their relevance, on the other side the software development teams still have serious difficulties in performing elicitation and defining the applications requirements [8] . In fact, one of the main software quality objectives is to assure that a software product meets the business needs [8] . For that, the software product requirements need to be aligned with the business needs, both in terms of business processes as in terms of the informational entities those processes deal with. This drives us to the question: "How can we use Business Process Models as a basis to design software applications?".
Researchers and professionals in information systems have recognized that understanding the business process is the key to identify the user needs of the software that supports it [9] . However, the tasks of business process analysis and software development are managed by different groups of people and commonly use different languages.
Giaglis says that although the benefits of aligning business processes with their information systems modeling is studied in theory, such integrated design strategies have rarely been implemented [10] . Traditionally, business analysts and information systems professionals perform distinct roles within organizations, each equipped with its own tools, techniques, skills and even different terminology [10] .
Once the BPM already analyses the business processes, conducting meetings with stakeholders using a language and notation understood by everyone, why not use the information obtained during this process as the basis for the development of the software that supports these businesses? This PhD research main purpose is to generate software models based on a set of business process models, paying particular attention to data modeling of the application that will support the business. More specifically, the PhD research aims to generate a use case model (including descriptions) and the data model based on the set of business processes (modeled in BPMN) that will be supported by the software under development.
Ideally, in a Model Driven Development (MDD) context, some software model aspects should be derived from the existing aspects of business process models of an organization.
The remainder of this paper is structured as follows. In the next section, the state of the art is presented and research opportunities are identified. In section III the research objectives are pointed out as well as the methodological approach used in this research. In section IV, past work already developed in the context of this PhD, and preliminary results, are presented. Section V briefly describes future work and expected results. Finally, some conclusions are presented.
II. STATE OF THE ART
This section presents the BPMN language and software modeling languages considered of most interest for this research. It also presents state-of-the-art approaches that make the link between business process models and software models.
A. The BPMN Language
Business process management focus its attention on designing and documenting business processes, in order to describe which activities are performed and the dependencies between them [11] . The BPMN basic process models can be grouped into two types of processes [6] :
• Private Business Processes -A private process is a process internal to a specific organization. Each private process is represented within a pool. The process flow must be in one pool and should never cross the boundaries of that pool. The interaction between distinct private business processes can be represented by incoming and outgoing messages.
• Public Processes -A public process represents the interactions between a private business process and other processes or participants. Only activities that are used to communicate with the other participants must be included in the public process.
BPMN diagrams use a set of graphical objects that can be grouped into five basic categories [6] :
• Flow Objects -are the main graphical elements to define the behavior of a Business Process. There are three kinds of Flow Objects: Events, Activities and Gateways.
• Data -represent the data involved in the process. Data that flow through a process are represented by data objects. Persistent data can be represented by data stores. Data objects and data stores are exclusively used in private process diagrams [6] .
• Connecting Objects -model the connection between the several process elements. There are four types of connecting objects: Sequence Flows, Message Flows, Associations and Data Associations.
• Swimlanes -represent the participants in the process. A participant is a person, or something, involved in the process. Participants in the process can be grouped into pools or, more particularly, in lanes. A pool can be divided into several lanes, for example, to represent the different departments of an organization involved in the process.
• Artifacts -are used to provide additional information to the process, such as a note ("Text Annotation").
During a process execution, resources and/or data are consumed and produced. The transmission of the data created or used during a process execution can be represented by Messages or Data Associations.
Some authors [7] , [12] point gaps in BPMN's earlier versions that were overcome in the latest version (version 2.0). In BPMN's most recent version, the number of graphical elements increased. This way, BPMN 2.0 allows business process models to be highly detailed, including the identification of persistent data [6] . This is good news if one intends to use BPMN models as a basis for the development of the software that supports the business. The presented research benefits from a detailed business process model, as greater business process detail yields more complete software models.
B. Software modeling
Two of the most used languages for modeling software systems are UML and ERD (Entity Relationship Diagram). These languages are briefly presented next.
1) UML -Unified Modeling Language:
In 1997, the UML has emerged as a OMG (Object Management Group) standard and is currently considered as the modeling language used by default in companies [13] , [14] , [15] .
UML follows the object oriented paradigm and is more suited to model the technical side of information systems than the business side of an organization [16] . UML is a graphical notation for expressing object-oriented designs [17] . Some software development processes, such as Unified Process, use the UML to support the modeling and documentation of the entire software development process [15] , [18] . The UML 2.0 provides thirteen types of diagrams that allow the modeling of different points of view of the system and with different abstraction levels [14] , [19] . The UML allows to completely cover the entire software development cycle from requirements capture, through the use case diagram, to the way the various components fit together through the installation diagram [20] . Russell et al. Compare the UML to a "Swiss army knife" in terms of modeling and design [21] . With its 13 different modeling notations (UML 2.0), the UML allows representations from high abstraction level through the use case diagram, to the concrete representation of objects in the objects diagram. UML diagrams can be grouped into two main categories [19] : structure diagrams that are used to capture the physical organization of the system, and behavioral diagrams that focus on the behavior of system elements. The study described in [22] concluded that the UML diagrams most commonly used are the class diagram and the use case diagram.
2) ERD -Entity Relationship Diagram:
The Entity Relationship Diagram (ERD) was created in the 70s of the last century, and it has been very well accepted since the beginning. Currently it is considered the default diagram used for planning and designing relational databases. The ERD represents a static view of the entities, their attributes and the relationships between them [8] , [23] , [24] .
An entity is something identifiable, or a concept in the real world that is important to the modeling purpose [4] . The entities can be seen as types describing elements with common properties [8] . The information, or the properties, about an entity are expressed through a set of attributes [4] . These attributes can be instantiated into concrete values on the database. Relationship is an association between two or more distinct entities [24] .
C. 4SRS -Four Step Rule Set
The 4SRS (4-step rule set) is a method organized in 4 steps that transform use case models into software logical architectures [25] , [26] . Its 4 steps are component creation, component elimination, component packaging and nesting and component association. A complete description of the 4SRS method can be found in [25] .
D. From Business Processes Modeling to Software Modeling
This subsection refers to approaches that, in one way or another, relate business process modeling and software modeling.
Korherr and List [27] align software with business processes through the relationship between EPCs and UML 2. P. Rittgen [16] proposes an approach to derive UML from DEMO (dynamic essential modeling of organization). Martinez et al. propose an approach for obtaining a information system conceptual scheme based on the organizational model. The organizational model is specified in i* [28] . Truscan et al. suggest an approach to integrate DFDs and some UML diagrams, namely the use case diagram, object diagram and class diagram [29] .
Ditze and Henninger propose an approach that combines UML 2.0 with BPMN 2.0 [30] . In this approach the BPMN is used to detail, or describe, the use cases from use case diagram. Rungworawut and Senivongse propose a set of guide lines for obtaining the UML class diagram from a business process. To model the business process the authors use the BPMN language [31] .
Dijkman and Joosten propose an approach that maps a business process model (modeled using the UML Activity Diagram) into use case diagrams [32] . They also proposed an algorithm to derive a use case diagram from a business process modeled as activity diagrams [33] . To do so, Dijkman and Joosten start by defining the activity diagram and the use case diagram meta-models. Then, the authors establish a relation between the "role" from the activity diagram and the "actor" in a use case diagram and a "step" (a sequence of tasks) from the activity diagram originates a "use case" in a use case diagram [33] .
Rodriguez et al. propose a systematic approach to derive a use case diagram from a UML activity diagram [34] and another to derive a use case diagram from a BPMN model [35] . In the latter approach, the transformation is guided by a set of QVT (Query View Transform) rules and checklists. In a summarized way, in Rodriguez et al. approach, a participant is mapped to an actor in the use case diagram; an activity in the BPMN model gives origin to a use case. The approach presented by de la Vara et al. extends the BPMN 1.2 with task description improvements. The approach also presents guidelines for the specification of the domain classes diagram [37] . Meyer et al. extend BPMN data objects with annotations to allow data dependency representation and data instance differentiation [38] . The presented approach is able to generate SQL queries from BPMN data objects [38] .
Magnani and Montesi, after identifying the gaps in data modeling using BPMN, proposed an extension to BPMN 1.2 with the aim of improving the representation of data. Their extension was named BPDMN (Business Process and Data Modeling Notation) [7] . Some of the concepts proposed, namely a way to identify the existence of persistent data were included in BPMN 2.0 [7] with the introduction of the data store, although with a different graphic symbol. Wohed et al. make an assessment of BPMN capabilities, its strengths and weaknesses, to model a business process and conclude that, in BPMN 1.2, data are only partially represented [36] .
Arnon Sturm suggests a method for building a data warehouse schema for specifying business processes in order to allow the off-line analysis of business processes' execution. The data warehouse schema is composed of a small set of "snowflakes" [39] . A snowflake is the basic structure of the data warehouse. For each data object affected by the process a snowflake schema is created.
Several approaches obtain a use case diagram based on a business process model, but no one presents a proposal for obtaining the use cases description. Nevertheless, the use cases descriptions are one of the most important components of the use case model [40] , [41] . Moreover, without descriptions most information presented in a business process model will be lost when generating the use case diagram from a business process model. Besides that, none of the cited approaches aggregates the existing information of several business process models in one software model.
E. Opportunities
From a software development point of view, it makes sense to think of an approach that, based on a set of business processes models, extracts useful information in order to define the basic models used in the development of business supporting software, including the data model.
All the approaches cited before, generating software models from business process models, base their analysis in only one business process model. But, typically, in a real situation, a software product does not support only one process, but a reasonable set of processes. So, in order to generate useful software models it will be necessary to consider the set of business process models that will be supported by the software product in development.
This PhD research work intends to generate the models used in software development considering different software perspectives, namely use case model (including descriptions) and data model.
III. RESEARCH OBJECTIVES AND METHODOLOGICAL APPROACH

A. Research Objectives
The main research objective is to reduce the gap between the business process modeling and the software development through the generation of software models (UML) from business process models (BPMN).
This PhD research work intends to achieve two main objectives:
• Definition of a method capable of obtaining software requirements representations from a set of BPMN models previously supplied. The software requirements represent the system user's needs, but, as Jacobson et al. say, users usually do not know what requirements are neither how to specify them [18] . For this and other reasons, requirements elicitation is a difficult and time consuming task, but very important for the software being developed. Currently, it is usual to use the UML use case model to support and model the requirements capture and elicitation [18] , [19] , [42] . Consequently, it is intended to create a method that can generate the use case model, including descriptions, based on the set of business process models that are intended to be supported by the software under development, ensuring that all requirements that come directly from the business process models are included in the software models.
• Definition of a method to generate a data model from a set a business process models defined in BPMN language. Often data is modeled as a support to the requirements previously defined. However, the data is, in most cases, a main element of a software product. So, it is intended to create a method to obtain a data model that includes all information that must be maintained in a persistent manner, and provide support to the requirements previously defined.
The generated models must be consistent with each other, meaning that the data entities referred to in the use case model must be represented in the data model.
B. Methodological Approach
The PhD research work is structured according Design Science Research (DSR) methodology.
The DSR method is usually applied in the design and development of artifacts, in order to solve specific problems of organizations, giving possibility to, directly or indirectly, increase their profits [43] . Thus, a research project that uses DSR requires the intentional creation of an innovative artifact to solve a specific problem in a given domain [43] , [44] .
To Hevner et al., DSR forwards the research by building and evaluating the designed artifacts [43] . The artifacts are built to meet the business needs.
The DSR uses an iterative approach that consists in six main activities [45] : problem identification and motivation, definition of objectives for the solution; design and development, demonstration, evaluation and reporting. Figure 1 represents the activities performed during the DSR research process. Process activities can be performed in sequence, i.e. by order, from 1 to 6, or may follow a different order in which some of the activities can be performed several times. The activity 5 (evaluation) or 6 (communication) can induce the research to get back to activities 2 (defining objectives) or 3 (design and implementation).
The created artifacts' utility, quality and effectiveness must be rigorously demonstrated and assessed. The assessment of an IT artifact requires the definition of metrics and the creation of appropriate environment and data. DSR, through the artifacts' Build-Evaluate iterations, guide the research to meet business needs.
To accomplish the research objectives the steps shown in Figure 1 will be followed. The first step, the problem identification and motivation, has already been presented herein. The remaining steps will be executed iteratively. Thus, it is intended to divide the investigation in several phases, where each phase is constituted by the steps 2 to 6 shown in figure 1 . In each step it is intended to define specific goals, drawing and implementing, demonstrating, evaluating and communicating the obtained results.
Each phase will be assessed by applying the created approach in case studies. The final research result will be validated by applying it in a real project. The project is being developed in cooperation with a Portuguese software house and aims to support a Municipality's business processes.
IV. PAST WORK AND PRELIMINARY RESULTS
This research aims to generate the base models used in software development, based on business process modeling using BPMN. These include the use case model and data model. The generated models will serve as base to the development of the software products that support the business.
A first approach to obtain the data model based on a BPMN private business process model has already been presented in [46] . In the presented approach, data stores and process participants in the business model originate entities in the data model. The relationship between those entities can be deduced from the information exchange between participants and the activities that manipulate the data stores. The approach allows obtaining an initial data model that can serve as a basis for further development. However, some limitations were identified in the proposed approach, namely the impossibility of identifying all relationships between the entities represented in the data model.
An approach to generate a use case model, including descriptions, from a private business process diagram (modeled in BPMN) has been presented in [47] . The approach starts by presenting a set of rules to generate the use case diagram in which each activity in the BPMN model gives origin to a use case and a participant gives origin to an actor in use case model. All existing information in a BPMN model that cannot be represented as an actor or as a use case is depicted in use cases description. To describe a use case a template that simplifies the Cockburn's template for use cases is used. Focusing our attention in an activity, each incoming and outgoing connection originates a sentence (in Natural Language) in the description of the use case that represents the activity. BPMN has different connecting objects, each one connecting different types of objects, so it originates different sentences in use case descriptions.
Another approach (named as Decomposition Triangle) to decompose and refine use cases has been presented in [48] . The approach starts with high abstraction level use cases and ends with a very detailed level and concrete use cases. An extension to the UML2.5 is also proposed for accommodating a new refinement relation from a use case to a use case (sub-) model [48] . The approach is very useful not only to the 4SRS method but also to any software development team in order to manage use cases, because it allows the coexistence of both, high and low abstraction level use cases, and it enables the trace back and forth between use cases at different abstraction levels.
V. FUTURE WORK AND EXPECTED RESULTS
Currently we are preparing an approach to generate a use case model, including description, based on a set of business process models. The generated use case model will aggregate and merge in one use case model all the information we have in a set of business processes that will be supported by the software under development. To do that we intend to use the approaches presented in [47] and in [48] . This approach resulting model is especially thought to fit the 4SRS (4 Step Rule Set) method, where it can be used to feed the tabular transformation [26] . This way the 4SRS will be able to generate the software logical architectures based on a set of business process models.
To generate the data model we intend to use two different approaches, compare and evaluate the results. The first approach, based on the approach presented in [46] , will extract the data model directly from a set of business process models. To create the other approach it will be needed to extend the 4SRS to obtain the data model based on the use case model previously generated from the set of business process models.
This way we can complete the journey beginning on the set of business process models and ending on the data model, passing by the use case model. Thus we can trace back from requirements (and data) to the business processes and from the business processes to the corresponding requirements (and data). At the same time, business and software modeling efforts can be joined together, reducing the analysis time and avoiding forgetting functional requirements or even data.
VI. CONCLUSIONS
The constant change, and rising complexity, of organizations, due to the increasing number of employees of different nationalities and cultures, but mainly in the nature of their business processes has driven the increase of interest in BPM by organizations, leading to the growth of BPM's relevance and importance. This increase has been accompanied by the increasing number of theories, modeling processes, modeling languages and notations and software applications that support BPM. Amongst the various business process modeling languages, we highlight the BPMN because it is a complete language allowing to create highly detailed business process models.
It is recognized that knowing business process can help ensure that the software under development will really meet business needs [9] , [40] . This research work aims to obtain a set of consistent models, including the data model, to serve as the basis for software development starting from business process modeling using BPMN. However, it is necessary to note that if the business process diagrams will provide the basis for the software development, they have to contain all the relevant information to the development of this software, including the information about the data involved.
Brambilla et al. claim that one of the items to consider in BPMN diagram creation is the level of granularity, or detail, that one wants to apply [12] . For our research, the detail level needs to be high. However, this can make the model too complex and can affect its main objective, which is the description of the business process flow in a way that is understandable by all the stakeholders. One solution is to create multiple perspectives of the model, each focusing on a specific aspect. So, first a base model is created with the focus on the business activities flow and then this model is complemented with other aspects, for example, with detailed information about the data.
It is intended to use the DSR research method for being considered the most suitable because it is intended to develop useful artifacts helping to close the gap between the business process and software modeling. The DSR method focuses on the development of artifacts that extend the current IT limits to drive an improvement of the businesses and organizations performance. Thus, we intend to create useful methods, enabling a reduction in the time spent on analysis and modeling software for business support, capitalize resources, and reduce the risk of creating software products that do not correspond to real business needs.
One first approach to obtain the data model from a business process models is presented in [46] . An approach to generate a use case model, including descriptions, from a private BPMN process diagram is presented in [47] . An approach to decompose and refine use cases in order to organize the use cases is presented in [48] .
Currently we are preparing an approach to aggregate and merge a set of business processes in one use case model, serving as basis to the 4SRS work. Finally, we intend to extend the 4SRS method to generate a data model.
